Objective: To validate the global features of postoperative adverse outcomes for surgical patients with schizophrenia. Background: Patients with schizophrenia were known to have a higher risk of complications during hospitalization. Quality of care has become the key factor in reducing their potential mortality afterwards. Methods: We present a population-based study of 8967 schizophrenic patients receiving major surgery from the Taiwan National Health Insurance Research Database within the years 2004 and 2007 compared with 35,868 surgical patients without mental disorders. Eight major postoperative complications and mortality after complications were evaluated among schizophrenic patients with different severity. Results: Schizophrenic patients had significantly higher risk for postoperative complications, including acute renal failure, pneumonia, bleeding, septicemia, stroke, and 30-day postoperative mortality (adjusted OR = 2.70; 95% CI: 2.08-3.49), than surgical patients without mental disorders. Among surgical patients with 1 to 2, 3 to 18, 19 to 48, and more than 49 schizophrenia-related outpatient visits within 24-month period preoperatively, the adjusted ORs of 30-day mortality ranged from 1.95 (95% CI: 1.25-3.02) to 3.97 (95% CI: 2.66-5.92) in a frequency-dependent pattern when compared with controls. When compared with surgical patients with schizophrenia-related outpatient services only, OR of 30-day postoperative mortality increased from 2.54 (95% CI: 1.93-3.34) to 3.69 (95% CI: 2.25-6.03) in surgical patients with preoperative hospitalization or emergency visit because of schizophrenia. Conclusions: Surgical patients with schizophrenia showed significantly higher postoperative adverse outcome rates with risk of 30-day mortality nearly threefold when compared with patients without mental disorders. Our findings suggest the urgency revising the protocol of postoperative care for this specific population.
subsequent increased risks of death. [5] [6] [7] [8] [9] Although acute care services for certain psychiatric patients with medical and surgical illnesses were documented with higher complication and mortality rates, the comprehensive analysis for the associations between schizophrenia and postoperative adverse outcomes is still lacking. [10] [11] [12] [13] [14] Few large-scale population-based studies have been performed to investigate postoperative complications and mortality in schizophrenic surgical patients, and the adverse outcomes in nonpsychiatric hospitalization of patients with schizophrenia were reported only on a limited scale. 15, 16 Although patients' physical disorders, psychotic or hazardous health behaviors, and interactions between antipsychotics and anesthetics have been postulated to be associated with adverse events, these relationships remain unclear. 17 In addition, the correlation between schizophrenia and medical illnesses or surgical complications remains vague because no previous studies have validated the potential impact of schizophrenia on in-hospital mortality when mental illness severity varies.
We conducted a population-based, cross-sectional study from Taiwan's National Health Insurance Research Database. The purpose of this study was to validate the full spectrum of the postoperative adverse outcomes, analyzing the impact of disease severity and therefore proposing guidelines about the postoperative care for schizophrenic patients receiving in-hospital major surgeries.
METHODS

Data Sources and Study Population
This study used the reimbursement claims data of Taiwan's National Health Insurance, a universal insurance program reformed from 13 previous health schemes, started in March 1995. More than 99% of 22.6 million Taiwan residents are enrolled in this system. Taiwan's National Health Research Institutes established a National Health Insurance Research Database recording all in-and outpatient medical services of beneficiaries, including patient demographics, primary and secondary diagnoses of diseases, procedures, prescriptions, and medical expenditures. For confidentiality, the electronic database was decoded with patient identifications scrambled for further public access. The study was evaluated and approved by the National Health Insurance Research Database research committee.
We examined medical claims from 2004 to 2007 in Taiwan and identified 8967 surgical patients with preoperative diagnosis of schizophrenia from 2,010,412 persons who underwent major inpatient surgeries-defined as surgeries requiring general, epidural, or spinal anesthesia and hospitalization for more than 1 day. For each surgical patient with schizophrenia, we selected 4 subjects, a total of 35,868 surgical patients, randomly from surgical patient populations who were free from mental disorders and matched with sex, age, types of surgery, and anesthesia for comparison. diabetes mellitus, stroke, acute myocardial infarction, congestive heart failure, peripheral vascular disease, and acute renal failure were recorded from medical claims for a 24-month period preoperatively. 15, 16 Patients receiving renal dialysis or undergoing emergency operations were also considered as preoperative functional status. Eight major postoperative complications such as acute myocardial infarction, acute renal failure, deep wound infection, pneumonia, postoperative bleeding, pulmonary embolism, septicemia, stroke, and subsequent overall in-hospital mortality within 30 days after index surgery were the study's primary outcomes. 18 Parameters of medical utilities such as length of hospital stay, percentage of using intensive care unit (ICU), and in-hospital medical expenditures were analyzed. In this study, schizophrenia-related outpatient visits before the operation were calculated. To validate the potential impact of severity of schizophrenia to postoperative mortality, we categorized the frequency of outpatient visits (unrestricted and nonreferral health care system) of individual beneficiary with the primary diagnosis of schizophrenia, into quartiles with nearly equal number of schizophrenic surgical patients having 1 to 2, 3 to 18, 19 to 48, and 49 or more visits within the 24-month period preoperatively. We further evaluated the impact of disease severity, such as surgical patients with history of schizophrenia-related outpatient services only as general schizophrenia, and patients with history of admission to emergency service or hospitalization because of schizophrenia as primary diagnosis within 24-month preoperative period specified as severe schizophrenia, to the postoperative mortality.
Data Analysis
With χ 2 tests, descriptive parameters concerning the demographic status, coexisting medical conditions, and in-hospital medical utilities (including length of stay and ICU stay) were analyzed, and we compared medical expenditures and postoperative complication and mortality rates between surgical patients with schizophrenia and those without mental disorders.
Odds ratios (ORs) with 95% confidence intervals (CIs) for 30-day postoperative complications and mortality between schizophrenic patients and surgical patients without mental disorders were analyzed with multivariate logistic regression by adjusting sex, age, types of surgery and anesthesia, whether the operation had been performed in teaching hospital or not, and preoperative coexisting medical conditions. To verify the impact of severity of disease on 30-day postoperative mortality, we analyzed the frequency of outpatient visits, history of emergency services or hospitalizations because of schizophrenia within 24-month preoperatively with multivariate logistic regression to control other covariates. Statistical Analysis System software version 9.1 (SAS Institute Inc, Cary, NC) was used for data analyses and differences between groups were considered significant if 2-sided P values less than 0.05.
RESULTS
Lower proportion of surgical patients with schizophrenia received operations in teaching hospitals when compared with surgical patients without mental disorders (80.3% vs 87.8%, P < 0.0001) ( Table 1) . Compared with surgical patients without mental disorders schizophrenic patients had higher prevalence of coexisting medical surgical patients without mental disorders. Inhospital medical expenditures categorized into quartiles with equal number of patients were all higher in schizophrenic group than in surgical patients without mental disorders (P < 0.0001). After adjusting for sex, age, types of surgery and anesthesia, whether the operation had been performed in a teaching hospital or not, and preexisting medical conditions using multivariate logistic regression analyses, we demonstrated that schizophrenic surgical patients had significantly higher risk of postoperative mortality (OR = 2.70; 95% CI: 2.08-3.49) and major complications including acute renal failure (OR = 3.92; 95% CI: 2.25-6.81), pneumonia (OR = 2.99; 95% CI: 2.33-3.83), septicemia (OR = 2.83; 95% CI: 2.06-3.87), stroke (OR = 1.39; 95% CI: 1.18-1.64), and postoperative bleeding (OR = 1.27; 95% CI: 1.05-1.54) ( Table 3) .
Further analysis of correlation between postoperative adverse outcomes and the severity of mental illness was evaluated through the patients' utility of medical resources, such as frequency of outpatient, unrestricted, and nonreferral visits to psychiatric special clinics during the 24-month preoperative period, and showed high correlation to the 30-day postoperative mortality rate. When categorized with nearly equal number of schizophrenic surgical patients as 1 to 2, 3 to 18, 19 to 48, and 49 or more visits for preoperative schizophrenia-related outpatient services, risk for 30-day postoperative mortality was significantly higher as OR = 1.95 (95% CI: 1.25-3.02) to OR = 3.97 (95% CI: 2.66-5.92) among 4 quartiles when compared with surgical patients without mental disorders (P value for trend <0.0001) ( Table 4 ). In addition, schizophrenic patients with history of preoperative emergency visits or hospitalization due to primary diagnosis of schizophrenia showed significantly higher OR (OR = 3.69; 95% CI: 2.25-6.03) for 30-day postoperative mortality than the schizophrenic †Defined as schizophrenic patients with schizophrenia-related outpatient services only. ‡Defined as patients having history of emergency visits or hospitalization because of schizophrenia within 24-month period preoperatively.
§Adjusted for age, sex, types of surgery and anesthesia, whether the operation has been performed in a teaching hospital or not, and coexisting diseases.
postoperative complication and mortality rates nearly two-and-half fold. After adjustment for the confounding variables, the 30-day postoperative in-hospital mortality demonstrated positive correlation with severity of mental disorder assessed by patients' frequency of schizophrenia-related outpatient visits, having history of emergency services or hospitalization because of the primary diagnosis of schizophrenia preoperatively. Acute renal failure and stroke are first documented as the major postoperative complications, in addition to previous findings, [13] [14] [15] [16] for the surgical patients with schizophrenia receiving in-hospital major surgeries in our study when comparing the controls after adjustment for all preexisted covariates.
Daumit et al 15 postulated that the major reason for higher complication rates during hospitalization among this population is a human error, which might be oversimplified. Multiple factors involving both patient and health care system should be considered as well. The physical well-being of schizophrenic patients is remarkably neglected, even though they are known to have more medical illnesses and higher mortality rates than the general population after hospitalization. 12, 15 Delayed surgical and medical treatment, 11, 19 perioperative anesthetics and analgesia, 14 interactions between psychiatric medications and postoperative pain medications, 17 insufficient nutrition, 20 and low quality of care 21 all might contribute the increased postoperative adverse events among surgical patients with psychiatric disorders. Although the exact mechanisms for schizophrenic surgical patients' higher postoperative complication and mortality rates are unclear, we suggest 5 potential contributing factors: First, poor communication between patients and medical care workers may lead to delayed diagnosis and treatment. 11, 19 Schizophrenic patients may be unaware of or misunderstand their physical health problems; such patients often are socially isolated, cognitively impaired, or suspicious. Thus they are reluctant to explain their symptoms subjectively to the health care team after surgery, delaying diagnosis and management of postoperative illness. 11, 19 Second, higher adverse outcomes may also be attributed to overdosing or underdosing related to interactions between analgesics, anesthetics, and patients' regular psychotropic medications. 14, 17 Furthermore, complaints from schizophrenic patients may be ambiguous or neglected because of predisposing medications such as psychotropic drugs or anesthetics, which might minimize symptoms or mislead health care professionals to misinterpret them as somatic symptoms. 17 Third, current lack of professional training for the health care team on management of mentally ill patients may contribute to the findings of increased risk of surgical patients with schizophrenia. 21 Professionals may lack relevant experience or surgical care guidelines to best serve patients with severe mental illness, and this might contribute to higher adverse outcomes. Our data with such training could help the care team anticipate what symptoms related to postoperative complications patients might experience and help them to interpret mentally ill patients' verbal and nonverbal cues relative to their care and recovery. A thorough focus on professional diagnostic criteria for symptom/signs related to postoperative complications also could help to improve postoperative outcomes for schizophrenic patients. Fourth, also significant are socioeconomic factors such as family support and geographic variations during the process of seeking medical services and affecting care quality afterwards. 11, 19, 21 And fifth, reduced pain sensitivity in schizophrenic surgical patients is a final concern, along with confusing symptoms caused either by surgical pain or by postoperative complications. 22, 23 For example, epigastric pain from surgical site or acute myocardial infarction and patients' differences in feeling and reporting pain may reduce the health care team's ability to recognize adverse outcomes. 14, 19 Specific demographic characteristics of surgical hospitalization of schizophrenic patients included higher incidence of receiving surgery in nonteaching hospitals, older age for elective surgery, and higher incidence of receiving emergent operations were noted. All these phenomena showed the potential reluctance of providing proper health management and coordination of care, or lack of free choice and continuity of treatment for this specific population, even under the National Health Insurance System with universal coverage and minimal copayment in Taiwan. Together with the higher prevalence of medical comorbidities and more surgeries for musculoskeletal and less for obstetrics, we further noticed the urgency of developing specific standard health care guidelines-mental, physical, or both-for this population. Most significantly, researchers should determine how current health care protocols for surgical care of schizophrenic patients might be inadequate in disclosing symptoms. 13, 20 As shown in our analyses with multivariate logistic regression for postoperative complications, we found that postoperative acute renal failure, pneumonia, and septicemia (complications that are relatively symptom-free before becoming serious) were significantly higher in schizophrenic surgical patients compared with other complications with relatively obvious symptoms.
Cognitive deficit such as delirium is documented as an independent predictor of longer hospital stay and mortality among patients in ICUs. 24, 25 Similarly, patients with psychiatric comorbidities have significantly longer hospital stays than nonpsychiatric patients. 26, 27 Previous research showed that length of stay among medical and surgical patients with schizophrenia is markedly increased. 15 But the association between psychiatric disorder and postoperative length of hospitalization was studied only in limited scale and specific procedures and was still to be validated. 11, 19 In this population-based National Health Insurance study with universal coverage, we found that schizophrenic patients had both longer hospital stays and higher use rates for ICU and ventilator support after surgery than surgical patients without psychiatric disorders. Early identification of patients with psychiatric comorbidity would allow early and appropriate psychosocial interventions, which might shorten their hospitalizations. 27 Because of the complexity of preexisting medical conditions among schizophrenic patients, clinicians need to evaluate preoperative comorbidities and potential adverse outcomes more systematically. Integrated health care teams of psychiatrists and surgeons as well as better communication between patients and medical personnel might significantly reduce postoperative morbidities and hospital stays for psychiatric surgical patients. 20 In-hospital medical expenditure was significantly higher in surgical patients with schizophrenia. 15 In-hospital medical expenditure among surgical patients with psychiatric disorders has not been studied, yet it is not surprising that medical expenditures are increased in schizophrenic surgical patients because of more postoperative complications, such as, longer hospitalization with higher mortality, compared with patients without schizophrenia. 10 Further stratification analyses revealed that patients with schizophrenia experienced more postoperative complications in parallel with the increase of medical expenditures. On the basis of the aforementioned potential reasons for postoperative adverse outcomes, early identification of postoperative symptoms for subtle but major complications might balance cost containment with quality improvement for surgical patients with schizophrenia. Providing optimal and integrated psychiatric and surgical care might reduce overall postoperative complications, mortality, and its associated medical expenditures.
A recent population-based study was conducted to estimate adverse events during nonpsychiatric hospitalizations (including medical and surgical admissions) for persons with schizophrenia. 16 But the association between severity of schizophrenia and in-hospital mortality had never been validated. To our best knowledge, this study is the first to validate the potential association of clinical severity of schizophrenia with 30-day postoperative mortality among surgical patients. This study demonstrated positive correlations among the frequency of preoperative schizophrenia-related outpatient visits, history of hospitalization, or use of emergency services owing to main diagnosis of schizophrenia, with 30-day postoperative mortality. Those data suggest that the severity of schizophrenia and pattern of medical utility preoperatively plays an important clinical role in predicting patients' postoperative mortality before surgery.
Limitations
The readers should be cautioned against overinterpretation of our findings because it has 3 limitations. First, we used only retrospective medical claims data from National Health Insurance without detailed patients' information of physical, psychiatric, and laboratory examinations in this study. Second, our study used only International Classification of Diseases, Ninth Revision, Clinical Modification, codes claimed by all physicians for the diagnosis of schizophrenia instead of using the diagnostic criteria of the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition that has been exclusively used in the clinical settings to identify psychiatric patients in Taiwan. 28 Some mild questionable schizophrenic patients were not included in this study. And third, we could not evaluate the impact of social and lifestyle parameters on postoperative outcomes because of lacking information on sociodemographic factors, nutritional status, and patients' lifestyles in this study. In addition, our study was limited to information provided in the Taiwan National Health Insurance Research Database; thus, we could not prove whether better preoperative control of schizophrenia could improve postoperative outcomes or not.
CONCLUSIONS
Our study suggests that patients with schizophrenia encountered higher incidences of 30-day postoperative complications, especially for acute renal failure, pneumonia, and septicemia; they also consumed more medical resources with subsequently higher medical expenditures and higher postoperative mortality rates than surgical patients without psychiatric disorders. In particular, mortality rates were significantly higher in schizophrenic patients with frequent psychiatric visits, previous psychiatric hospitalizations, and use of emergency services before surgery. These findings have important clinical implications, both for their predictive value and for showing the urgent need to improve management of surgical patients with schizophrenia. To improve future care for surgical patients with schizophrenia, we suggest the following: (1) Establishing better communication between patients and medical personnel may help to have early diagnosis and treatment. (2) Health care personnel should be specifically educated and keep a vigilant eye on potential overdosing, underdosing, or interactions between analgesics, anesthetics, and psychotropic medications to prevent these potential adverse outcomes. (3) Psychiatrists should be routinely included to work as integrated surgical health care teams to provide professional knowledge for mental illness. (4) Before or after operation, relatives were should provide schizophrenic patients with more family support. (5) For early identification of postoperative adverse outcomes, surgeons need to pay more attentions to pain management of schizophrenic patients after operation. (6) It is mandatory to provide homogeneous and high quality of care similar to the general population.
We believe that better preoperative assessment and prevention could reduce the risk of adverse outcome schizophrenic patients encountered after operation. Further studies are still needed to develop specific strategies to decrease postoperative adverse outcomes for this challenging patient population.
